Actin from Tetrahymena pyriformis has been purified by monitoring the presence of the actin gene product with an antiserum against a synthetic N-terminal peptide deduced from the nucleotide sequence of the Tetrahymena actin gene that we cloned previously. This highly purified Tetrahymena actin shares many essential properties with ubiquitous actin, including ion-dependent polymerization to microfilaments, binding with muscle heavy meromyosin to form arrowheads, and activation of the Mg2+-ATPase of muscle myosin subfragment 1. On the other hand, some properties of this purified Tetrahymena actin dearly differ from those of muscle actin: (i) Tetrahymena actin has 8 times less ability to activate the Mg2I-ATPase of muscle myosin subfragment 1 than muscle actin; (ii) Tetrahymena actin did not bind to phalloidin at all; (iii) Tetrahymena actin did not inhibit DNase I activity at all. In general, Tetrahymena actin has very unusual properties when compared to other actins described so far. This actin is expected to provide important clues for elucidating problems concerning the relationships between the structural and functional domains in an actin molecule.
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Actin is ubiquitous in eukaryotes, but its existence has not been undisputably proven in Tetrahymena despite many attempts (1) . Recently, the actin genes from Tetrahymena thermophila and Tetrahymena pyriformis were isolated, respectively, by Cupples and Pearlman (2) and by ourselves (3) . In spite of the structural conservation of other actins, the amino acid sequences deduced from the nucleotide sequences of these cloned Tetrahymena actin genes diverged to a great extent from those previously known (2, 3) . Moreover, immunoblotting with an antiserum specific for a synthetic N-terminal peptide deduced from the nucleotide sequence of the Tetrahymena actin gene demonstrated that the apparent molecular mass and the isoelectric point of our Tetrahymena actin (43.5 kDa; pI 5.4) are clearly different from those of skeletal muscle actin (42 kDa; pI 5.2) (3). Using this antiserum, we also investigated the localization of the actin gene product in Tetrahymena cells by indirect immunofluorescent microscopy and found that the immunofluorescence was localized in the division furrow, the intranuclear microfilament bundles of cells exposed to heat shock or dimethyl sulfoxide, and in organelles considered to be involved in endocytosis and exocytosis (4 MATERIALS AND METHODS Cell Culture. T. pyriformis (strain W) was grown in a proteose peptone medium as described (5) .
Buffers. Buffer G [3 mM imidazole/0. 1 mM CaC12/0.5 mM ATP/0.75 mM 2-mercaptoethanol/leupeptin (10 ,ug/ml), pH 7.5] and buffer D [10 mM imidazole/0.1 mM CaC12/0.5 mM ATP/0.75 mM 2-mercaptoethanol/leupeptin (1 gg/ml), pH 7 .5] were the same as used previously (6) except for the addition of leupeptin.
Purification of Tetrahymena Actin. Acetone powder of Tetrahymena cells was prepared as described (7) . Fourteen grams of acetone powder was suspended in 280 ml of buffer G and stirred for 8 min at 0C and then immediately subjected to centrifugation at 205,000 x g for 32 min at 0WC. All subsequent experiments were performed at 40C. The supernatant was applied to a column (5 x 18 cm) of Q-Sepharose (Pharmacia) saturated with ATP and equilibrated with buffer D containing 0.17 M KCI as described (6) 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. method of Spudich and Watt (8) . Rabbit skeletal myosin was prepared as described by Perry (9) . To obtain heavy meromyosin (HMM) or myosin subfragment 1 (S-1), myosin was digested with trypsin or chymotrypsin, respectively, according to the method of Lowey and Cohen (10) or Weeds and Taylor (11) .
Analytical Methods. The viscosity of actin was measured at 250C using an Ostwald-type viscometer with an outflow time of 42 sec for water at 250C. The Mg2+-ATPase of myosin S-1 was measured as described by Gordon et al. (6) and liberated phosphate was determined by the method of Fiske and Sabbarow (12) . The assay for binding fluorescein isothiocyanate (FITC)-labeled phalloidin (Molecular Probes, Junction City, OR) to actins was performed as described by Meza et al. (13) . The DNase I inhibition assay was performed according to the method of Blikstad et al. (14) modified by Mabuchi and Spudich (15) . All these analyses were done more than two times to confirm their reproducibility. Electrophoresis on NaDodSO4/polyacrylamide gel was carried out according to Laemmli (16) . Protein concentration was determined by the method of Lowry et al. (17) .
RESULTS
Tetrahymena actin was successfully purified by monitoring the presence of actin with an antiserum against a synthetic N-terminal peptide deduced from the nucleotide sequence of the Tetrahymena actin gene. In our purification procedure, much attention was paid to minimize proteolysis due to potent endogenous protease activity, especially during the initial purification steps. For this reason, the duration of extraction from acetone powder with buffer G was shortened and chromatography on the first Q-Sepharose column was performed as quickly as possible. Electrophoresis and immunoblotting were performed for each purification step to monitor the presence of Tetrahymena actin. Electrophoretic patterns for all of the steps (Fig. 1, lanes a-f) and immunoblots for the initial and final steps (lanes h-k) are shown. By using this procedure, Tetrahymena actin was purified to 94% purity and obtained in 1.0-mg quantities from 14 g of acetone powder ( Table 1) .
The purified Tetrahymena actin was subjected to viscometry after being dialyzed against buffer G. In the presence of 0.1 M KCl or 2 mM MgCl2, the specific viscosity increased significantly (Fig. 2a) , suggesting that Tetrahymena actin polymerized into filaments under the same conditions as muscle actin does. To confirm this, the viscosity-increased sample was examined by electron microscopy. Filaments 5-7 nm wide, which were indistinguishable from those of muscle actin, were observed (Fig. 2b) . The filaments were decorated by the addition of skeletal muscle HMM in the same manner as muscle actin filaments (Fig. 2c) To learn in more detail about the interaction of Tetrahymena actin with muscle myosin, we investigated the activation of the Mg2+-ATPase of muscle myosin S-1 fragments by Tetrahymena actin. The kinetic data comparing the activation by Tetrahymena actin and muscle actin are shown in Fig.  3 . The two actin species activate the ATPase with the same Vma, but differ in their Kapp values by a factor of 8, an 8-fold higher concentration of Tetrahymena actin being necessary to produce the half-maximal activation of muscle myosin Mg +-ATPase. Although it is known that Kapp values for actins from lower eukaryotes are higher than the value for muscle actin [Kapp for Acanthamoeba actin (6), Dictyostelium actin (18) , and Entamoeba actin (13) are 3-fold higher and that for Naegleria actin (19) is 5-fold higher], the Kapp for Tetrahymena actin is the highest among actins known so far.
Previously, we tried to investigate the localization of actin in Tetrahymena cells by using fluorescent-labeled phallotoxins, nitrobenzoxadiazole (NBD)-labeled phallacidin and FITC-labeled phalloidin, but no significant fluorescence was observed (data not shown). So, we ascertained whether or not purified Tetrahymena actin binds to phalloidin by cosedimentation with FITC-labeled phalloidin. As expected, Tetrahymena actin filaments did not cosediment with FITClabeled phalloidin at all (Fig. 4) . No actin with such a property has been reported so far.
We also examined the interaction of Tetrahymena actin with DNase I by inhibition assay. Tetrahymena actin had no ability to inhibit DNase I activity (Fig. 5) . No actin with such Purity was determined by measuring the area corresponding to 43.5-kDa protein in the densitometric traces of the NaDodSO4/polyacrylamide gel of the fractions. Since it has been revealed from two-dimensional gel electrophoresis that there are other proteins that have the same mobility as that of Tetrahymena actin on NaDodSO4/PAGE (3) , the purity of the supernatant fraction is estimated to be greater than the actual purity, and the yield of purified Tetrahymena actin is estimated to be smaller than the actual yield. This purification was repeated more than five times, and similar yields were attained each time. (Fig. 2 a and b) , the formation of arrowhead structures with HMM (Fig. 2c) , and the activation of the Mg2+-ATPase of myosin S-1 (Fig. 3) . However, in the following respects, the properties of Tetrahymena actin differed clearly from those of muscle actin: (i) Tetrahymena actin had 8 times less ability to activate the Mg2+-ATPase of S-1 than muscle actin (Fig. 3) ; (ii) Tetrahymena actin did not bind to phalloidin at all (Fig. 4) ; (iii) Tetrahymena actin also did not inhibit DNase I activity at all (Fig. 5) . Sutoh (21) reported that the segment of 12 N-terminal residues in actin could chemically cross-link to the myosin heavy chain and suggested that the acidic residues in this region were essential for actin-myosin interaction. At the same time, the N-terminal segment is the most divergent region in actins from Acanthamoeba, Dictyostelium, Entamoeba, and Tetrahymena (2, 3, (22) (23) (24) (25) . The lesser ability of these actins to activate the Mg2+-ATPase of myosin may be ascribed to the variations in the numbers and positions of the acidic residues in this segment of these actins.
Concerning the phalloidin binding sites of actin, it was reported that the binding sites were located around residues 117-119 and 355 (26) and that these regions were adjacent to the ATP binding sites (27) . The (30) reported that a 47.5-kDa protein, which they considered to be actin, was partially purified from Tetrahymena cells by using a DNase I affinity column. Our results indicate that Tetrahymena actin does not inhibit DNase I activity at all. However, it will remain unclear whether it is able to bind to DNase I or not until the binding ability of purified Tetrahymena actin to a DNase I affinity column is actually examined.
Based on data about the interactions of Tetrahymena actin with myosin, phalloidin, and DNase I, experiments in which artificial substitution of amino acids is used would help to elucidate the precise relationships between structural and functional domains in the actin molecule.
Whereas it is known that actin is multifunctional and has many attributes, it is not clear which of those attributes is essential to define a certain protein as being actin. Purification of Tetrahymena actin gives some information about the definition of actin. We suggest that, among the many attributes of actin, polymerization into filaments, formation of arrowhead structures, and activation of myosin Mg2+-ATPase are essential, but that the molecular mass, the isoelectric point, the inhibition of DNase I activity, and the binding to phalloidin are not properties that are general.
